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INTRODUCTION
It is well known that excessive noise exposure can cause hearing loss through different mechanisms [1]. Noise-triggered damage 
leads to impairment of the stereocilias of the hair cells, the loss of hair cells, and structural distortion at the spiral ligament and spiral 
ganglion [2, 3]. It was reported that hair cells become dysfunctional within 2 weeks after noise exposure, and an edema develops in 
the spiral ganglion neurons [4, 5]. Nevertheless, the molecular mechanisms of noise-induced hearing loss are still not fully under-
stood. In the broadest sense, excessive noise causes direct mechanical trauma to cochlear structures and an increase in reactive 
nitrogen species and reactive oxygen species, which can then destroy the DNA and cell membranes [1].

The roles of the proinflammatory cytokines of the inner ear after the noise exposure have been enlightened in some studies [6-8]. The main 
reason for cochlear cell damage might be the local increase in proinflammatory cytokines because the amount of these molecules at the 
damaged cochlea increases within a day and induces a gathering of inflammatory cells. Furthermore, proinflammatory cytokines are 
secreted from some blood-originated inflammatory cells and neurons. A potential role in the second-line inflammatory effects of these 
molecules has been previously proposed [9]. However, the secretion mechanism of cytokines at the damaged cochlea is not yet fully clear. 
Therefore, measuring proinflammatory cytokines in the cochlea exposed to noise may shed light on the relationship between hearing 
level and cytokines in noise-induced hearing loss (NIHL). This study aimed to seek a correlation between hearing thresholds and the level 
of proinflammatory cytokines.

Changes in Proinflammatory Cytokines in the Cochlea in 
Relation to Hearing Thresholds in Noise-Exposed Rats

OBJECTIVE: Our aim was to investigate time effects in proinflammatory cytokines and the auditory brainstem response (ABR) thresholds of rat 
cochlea exposed to noise.

MATERIALS and METHODS: Twenty-one rats were divided into two groups: the control group and the noise group. As high as 115 dB sound 
pressure of white noise was administered to the noise group of 16 rats for 3 h a day for 10 days. This group was further split into four subgroups 
based on the timing of sacrifice: 3rd hour group, 12th hour group, 24th hour group, and 28th day group. ABR thresholds were measured in all 
the rats, after the noise exposure and right before being sacrificed. Proinflammatory cytokine levels (IL-6, IL-1β, and TNF-α) at the cochlea were 
measured.

RESULTS: We found a significant difference between the first ABR thresholds (5 dB nHL) and the post-exposure ABR thresholds in each group 
(25 dBnHL, 35 dBnHL, 15 dBnHL, and 17.50 dBnHL for the 3rd hour group, 12th hour group, 24th hour group, and 28th day group, respectively). 
The IL-1β levels in the 3rd hour group and 12th hour group were significantly higher than those in the control group and other noise subgroups. 
The TNF-α level in the 3rd hour group was significantly higher than that in the control group and other noise subgroups.

CONCLUSION: It seems reasonable to point out a direct correlation between the cytokine levels and hearing threshold levels after the noise 
exposure. This correlation was the highest for IL-1β. This result suggested a significant role of proinflammatory cytokines in hearing deterio-
ration after noise exposure.
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MATERIALS and METHODS
Animals
The study protocol was approved by our institutional ethics commit-
tee (May 15, 2009/AR-2009/30). The study was performed in 21 male 
Wistar rats. Normal outer ear canal and ear drum was confirmed in all 
the rats. Normal hearing level (5 dB nHL) was confirmed in auditory 
brainstem response (ABR) testing prior to the noise administration 
in all the rats.

Groups
Twenty-one rats (42 ears) were grouped into two groups: the control 
group and the noise group, which was then subdivided into a num-
ber of subgroups. Table 1 presents the procedures administered to 
the rats.

Control group: Five rats (10 ears) were assigned to the control group. 
Initial ABR thresholds were recorded and then the rats were sacri-
ficed. Cytokines (IL-6, IL-1β, and TNF-α) were measured in the re-
moved cochlear soft tissues using ELISA.

Noise group: The noise group comprised 16 rats (32 ears) that were 
exposed to the predetermined noise level after the initial ABR test. 
ABR thresholds were recorded immediately after the exposure. A re-
peat ABR test was performed to detect the latest thresholds at pre-
determined time points based on the subgroups. The rats were then 
sacrificed, and the cytokines were measured in the removed cochlear 
soft tissues using ELISA. The 16 rats (32 ears) were equally divided 
into four subgroups based on the predetermined sacrifice time: 3rd 
hour group, 12th hour group, 24th hour group, and 28th day group.

ABR testing
All ABR tests were performed under general anesthesia. General an-
esthesia was obtained from 40 mg/kg im ketamine hydrochloride 
(Ketalar vial; Pfizer Co, Istanbul, Turkey) used in conjunction with 5 
mg/kg im xylazine hydrochloride (Rompun vial; Bayer, Istanbul, Tur-
key) for ABR tests. Ipsilateral potentials were collected using nee-
dle electrodes. The ground electrode and reference electrode were 
placed on the vertex in the midline, and an active electrode was 
placed on the mastoid. Details of ABR testing are described in the 
literature [10]. As the second wave was the most robust activity, it was 
taken as a reference for the ABR threshold.

Noise exposure
All 16 rats (32 ears) of the noise group were subjected to free field 
white noise of 115 dB SPL (sound pressure level) for 3 h a day for 10 
days. Details of the noise protocol were previously published [8].

Microdissection of the cochlear soft tissue and measurement of 
IL-6, IL-1β, and TNF-α levels
A lethal dose of thiopental sodium (IE Ulagay, Istanbul, Turkey) was 
injected for rat sacrifice. Procedures for the removal of the cochlear 
soft tissue and measurement of the IL-6, IL-1β, and TNF-α levels were 
previously described [10].

Statistical Analysis
Statistical Package for Social Sciences version 16.0 (SPSS Inc.; Chica-
go, IL, USA) was used for the statistical evaluation of the results from 
all 21 rats (42 ears). Pre-exposure and post-exposure ABR thresholds 
and cytokine levels were compared within the groups using the Wil-
coxon test, and among groups using the Mann-Whitney U test. Sig-
nificance was accepted at a p value of <0.05.

RESULTS

ABR Thresholds
All rats in the control and noise groups showed 5 dB nHL-ABR thresh-
olds prior to the noise exposure. All rats from the noise group had 
hearing loss at certain levels, as confirmed by ABR tests performed 
right after the noise administration. A significant difference was not-
ed between the initial (5 dB nHL) and the immediate post-exposure 
ABR thresholds in the noise subgroups (25 dB nHL, 35 dB nHL, 15 dB 
nHL, and 17.50 dB nHL for the 3rd hour group, 12th hour group, 24th 
hour group, and the 28th day group, respectively) (p<0.05, Wilcoxon 
test) (Figure 1). The latest ABR test performed after the specified times 
of each subgroup showed that three ears (7.5%) recovered to some 
extent (both ears of one rat and one ear of another rat) on day 28. 
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Table 1. Procedures undergone by the rats

  First Noise ABR right Latest ABR (at sacrifice  
  ABR exposure after the noise time) and Cytokine analysis

Control group (n=5 rats/10 ears)  +   −/+

Noise group
 3rd hour group + + + −/+

(n=16 rats/ 12th hour group + + + +/+
32 ears)

 24th hour group + + + +/+

 28th day group + + + +/+

ABR: auditory brainstem response

Figure 1. Changes in ABR thresholds after noise exposure (dashed lines: initial 
threshold, black boxes: immediate post-exposure threshold, striped boxes: 
latest threshold)
ABR: auditory brainstem response



However, in the remaining 29 ears (90.6%), hearing thresholds were 
higher than those before the noise exposure. Comparison of all the 
latest thresholds yielded a significant difference (p<0.05, Mann-Whit-
ney U test) between the 12th hour group (20 dB nHL) and the other 
two groups (10 dB nHL in the 24th hour group and 10 dB nHL in the 
28th day group) and between the 24th hour (10 dB nHL) and the 28th 
day (10 dB nHL) groups (Figure 1). When we considered the latest ABR 
thresholds of each subgroup at the specified times, 15 dB-, 5 dB-, and 

5 dB- increases relative to the pre-exposure thresholds were observed 
in the 12th hour group, 24th hour group, and 28th day group, respective-
ly. Significant differences were noted between the latest thresholds 
and the initial thresholds (p<0.05, Wilcoxon test) (Figure 1). When con-
sidering only the post-exposure thresholds, the threshold of the 24th 
hour group was significantly lower than that of the 12th hour group 
(p<0.05). No other significant difference was determined among the 
other post-exposure thresholds (p>0.05, Mann-Whitney U test).

Cytokines in the Cochlear Soft Tissue
Figure 2 demonstrate the changes observed in the IL-6, IL-1β, and 
TNF-α levels among the groups. IL-6 level of the 3rd hour group (7.88 
ng/mg) was significantly higher than that of the control group (1.69 
ng/mg) and all other noise groups (2.24, 1.34, and 0.80 ng/mg, re-
spectively) (p<0.05 Mann-Whitney U test) (Figure 2). No other signifi-
cant difference was found among the other noise groups or between 
the control group and the other noise groups (p>0.05, Mann-Whit-
ney U test) (Figure 2). IL-1β levels of the 3rd hour group (317.10 pg/
mg) and the 12th hour group (279.64 pg/mg) were significantly high-
er than those of the control group (80.37 pg/mg) and the other noise 
groups (99.01, 171.48 pg/mg, respectively) (p<0.05, Mann-Whitney 
U test) (Figure 2). No other significant change was observed among 
the other noise groups or between the control group and the other 
noise groups (p>0.05, Mann-Whitney U test) (Figure 2). TNF-α level 
of the 3rd hour group (191.07 pg/mg) was significantly higher than 
those of the control group (58.28 pg/mg) and all other noise groups 
(76, 60.49, 19.21 pg/mg, respectively) (p<0.05, Mann-Whitney U test) 
(Figure 2). No other significant difference was detected among the 
other noise groups or between the control group and the other noise 
groups (p>0.05, Mann-Whitney U test) (Figure 2).

Correlation between Cytokine Levels and ABR Thresholds
A direct correlation was observed between the cytokine levels and 
hearing thresholds after the noise. This correlation was the highest 
for IL-1β (Table 2). This result suggested that the deterioration in 
hearing after noise exposure may be due to the inflammatory cyto-
kines released from the cochlea.

DISCUSSION
Exposure to excessive noise can cause hearing loss by means of me-
chanical trauma and second-line trauma caused by new inflammato-
ry processes [6]. One of the mechanisms of secondary damage might 
be a local increase in the inflammatory response and proinflamma-
tory cytokines because these cytokines rise endogenously in the first 
2 weeks after noise exposure, which in turn increases inflammatory 
cell infiltration [8, 11].
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Table 2. Correlation between ABR threshold and cytokine levels

    Latest ABR 
 lL-6 IL-1β TNF-α threshold

lL-6 X 0.589(**) 0.663(**) 0.326(**)

IL-1β 0.589(**) X 0.678(**) 0.407(**)

TNF-α 0.663(**) 0.678(**) X 0.288(*)

Latest ABR  
threshold  0.326(**) 0.407(**) 0.288(*) X

ABR: auditory brainstem response

**Correlation at the 0.01 level is significant

Figure 2. a-c. (a) Changes in IL-6 levels in control group and noise groups, 
IL-1β, and TNF-α levels, (b) changes in IL-1β levels in control group and noise 
groups, (c) changes in TNF-α levels in control group and noise groups



Various researchers have reported the migration of inflammatory cells 
into the cochlea after damage, such as following ototoxic drug use, 
exposure to excessive noise, and surgical trauma [12, 13]. Satoh et al. [14] 

demonstrated that excessive infiltration of the inner ear by monocytes 
and macrophages after ototoxic injury caused cochlear degeneration 
and hearing loss. Although inflammatory cell infiltration of the cochlea 
after acoustic trauma is well known, the role of proinflammatory cyto-
kines released by these cells in noise-induced hearing loss is still not 
fully clear. Measuring the changes in proinflammatory cytokines in re-
lation to hearing thresholds can help us to understand the mechanism 
underlying hearing loss caused by acoustic trauma.

Fujioka et al. [13] found higher levels of IL-6 and IL-1β 3 h after the noise 
exposure, which returned to normal levels in 24 h. The difference in 
TNF-α levels was not significant. Our results are in line with other 
studies pointing out the expression of proinflammatory cytokines in 
noise-damaged cochleae [6, 13]. In the present study, we demonstrated 
the expression of IL-6, IL-1β, and TNF-α in the early phase of noise-in-
duced cochlear damage. When considering changes in IL-6 in the 
timeline, IL-6 significantly increased at the 3rd hour group and its level 
at the 12th hour group significantly sloped down to a level that was 
still higher (p<0.05) than its level in the control group. From the 24th 

hour, its level was closer to baseline. IL-1β showed a drop at the 12th 
hour. At the 24th hour, it was very close to baseline. Then, interesting-
ly, it made a second incline on the 28th day. The course of TNF-α in the 
timeline was similar to that of IL-6, where it showed a gradual decline 
from the 12th hour onwards.

Another important result of the study is the correlation between ABR 
thresholds and cytokine levels. The highest correlation of threshold 
was with IL-1β, followed by IL-6 and TNF-α. All cytokines increased 
within the first 3 h of the noise exposure when the hearing loss peak-
ed. Then, the cytokine levels got closer to baseline at the 24th hour 
after the exposure. At this time, the threshold improved. This result 
implies a possible role of cytokines in secondary damage to the co-
chlea in NIHL. Interestingly, we also observed a significant correlation 
among the levels of three cytokines after the noise. Particularly in the 
early period of the noise, a significant increase was observed in all cy-
tokine levels, whereas all the three cytokines decreased from the 12th 
hour onwards. Previous studies reported an increased expression of 
IL-6 by lateral wall fibrocytes after IL-1β and TNF-α stimulation [13, 15].

An emphasis on the roles of the cytokines may enable us to under-
stand changes in hearing in association with changes in cytokine lev-
els. TNF-α accumulates proinflammatory cells in the cochlea [11]. It was 
experimentally shown that the inhibition of TNF-α and suppression 
of inflammatory cells reduced hearing loss [4]. IL-6 upregulates some 
apoptotic genes and thereby, oxidative stress [16]. So et al. [17] reported 
the induction of IL-6 in wider cochlear damage, such as from noise 
exposure and cisplatin treatment. Fujioka et al. [13] showed that IL-6 
was released in the early phase of acoustic trauma, and IL-6 was a 
major inducer of acute cochlear damage. They also showed an im-
provement in hearing when the IL-6 signal was inhibited.

Considering these data, we propose that the inhibition of cytokine 
secretion as early as possible is beneficial for precluding further dam-
age. Steroids with anti-TNF-α effects are the most preferred drugs for 
the recovery of hearing in acoustic trauma [18]. A drug with the effect 

of an anti-IL-6 receptor antibody was experimentally shown to be 
beneficial in noise-exposed mice [12].

CONCLUSION
To conclude, this study showed that proinflammatory cytokines play 
an important role in hearing loss after noise exposure. Moreover, 
the hearing loss seemed to involve a direct correlation between the 
cytokine levels and hearing thresholds levels after noise exposure. 
This correlation was the highest for IL-1β. Detailed knowledge of 
the specific roles of these cytokines will allow us not only to better 
understand the mechanism of hearing loss after noise exposure but 
also to develop new therapeutic approaches, such as the blockade of 
proinflammatory cytokines.
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